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i-y'U ■^■^■^)Vt:mt . H«le>'^°7 WUx-r? Sr ^' o -y 

[if *iB 2 ] if 1 iiiet!i«7)-7;uf-r^^-'MiiS8tc 
V ^-c. Huiei:?iJii^«!$ ^t^cm i ^oft^ i: w. i 

h 9 vi^':^ rJ' coif ^y- \^■b^(:.mm^)V^zry^^^ 
HISS. 

[ if^ii 3 ] ff^R^ 1 \,zttm<^'7)v^Tv ^ -^mmz 

5 ] if ^ 1 (Cfaao-7;I^T^:?lMlIg&lc 

^ L;^c^ 2 2 coft?t tcit^ijjgig L^cii'-^ < 

[ft*3S6 ] m^TM5izmmcD'?;u^y'ui^^^mz 
[ if ^Rii 7 ] it^Rii 5 fciB^o v/pf-ri^ ^mmz 

±5UT. miiaigl t5J:lX|g2<7)m??2:, ^' a;^;i? -y 

[fi*ii8 ] if 1 ^zim<7)'7jv^y'iy^vmmz 

^l^ttSrSH^-ri. J; 0 iz:^'oX\^i,Zt i:mLt-th-7 

(4. iisi)^73fi-^^3!aii-r.&ii»ini{f«i:LT^^$tL-i.c: 
[ it^ii 1 0 3 ii*^ 1-901 1 JStiBigco 



[000 1] 

[^BJcoJa-r^Str^'-S] 3^^BS{4. LSI PB^^^itco 

L s I Tm&Lfzmm^<Dm■^■mm^^mmz'ifotlib(^ 

imizmt. mz^ /N'^WU-f-^zri^UTyU-f-r^tc 
{f. DRAM (Dynamic Random Access Memory) 

(Tiifihh, ^tx. z<D^mmi^m'^y"o-^-y^m 
[0003] iS:^, L s I c^mmmmzif-ox . ls i 

::k^M(r)m^i^m^'mmz'ff oZt<7)X'^ hm-^^z^ 

:^yj^<7ymmi}^'Simt^tix\>^h, Mimaz. mui. 

f .y h co«3$fEili*>1g^§ti^ J: a 0 . r ^';J?'b' -y 
hSerDes (Serializer and Deselializer) j i; 

V^^ix-&LS Uct3V>T. >'^•^W^7•'— :?^^n-y:?'ft 
■f-fcHKBL/ti^'J ryl^x-^'fcrSjftc^f -S^ i:cOT 

# h-^)v^yv7-^mk<ry^imm.'^ixx^^h. 

[0004] 

[t^!*i7)J5$tir] 3fi¥> Se rDe sUSg^^f -l.-f 
— 7jt— :^EIfi&tc*5V^T. :t--y hV— «yf-^ri:'<?) 

c7)3lvv\-7 wpy-'— ^J' Sr. 0iJ;itf , Gb p s \y^)V<^ym 

m{:i^^)r)\'ir~^\.z^'Lx^-n^i>-}mifihh. z 

(55 J; 5 (cx-^'Oi£JK*<^< i: , LSI |gSSt*J<50iJi 

(r>'f—9VSm,Z^\^X tlHfifi^SrfflV^T«i!5'( y:?^^' 
[0005] ta!*, >'N*7 U'/I/t'- ^ Sr V- U T;Ux-^ 

^mth'^)v^y\^^^'mn>^\^x\t. mx.\t. w. Dai 

ly et aL. "DIGITAL SYSTEIC ENGINEERING". Cambridg 

e, vm^jiKoyxm. mut^ figure 11-22. figure 11 

-25) i<zhhi^^\,z^ ^ffl:^n>y:^ft-t€rfflUTT-:? 
Vm^'^':>X\^h. 

[ 0 0 0 6 ] 0 1 ii^^<D'?)U^yU:p-^mS%<0—mi 

^•tmsmxhK) . trz. ii2{4iii<7)v;i^f-r^:?i^ 

4>EllioJ;l/ll2{4. JMLfzX^coFmRE ll-22tc^ 
^•th. mtCfcV^T. #.^^?#1 00 1 — 1 003. 
101 1 — 1013. 102 1 — 10 23i3<}:lfl03 
1 — 1 0 3 3{i nf-^ ^TVl'MMO Shy yi^P.^ ( n M 
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-rtitzm^^ny^m^. ^tx. do- 

[ 0 0 0 7 ] EI 1 l,Z7jk^tih Xol,Z. ^hy yJX 9 
kKh hyy^JX:!^) 1001, 1011. 1021i5 
il^f 1 0 3 1 (r>y-hlZli. ^tl^tU-i^ WUx-:^' d 
0, dl, d2. i5Xt/d3:b^mii^^tL. tfz. iixA> 
(DX1lhyy=JX:$^tmmzmm^tltihyyi^X:^ 1 
002. 1003:1012, 1013:1022, 1 

02 3t5<i:lf 1 0 32. 1 0 331C«. -enm^J'n.y 
^ii^<i> 3. <i>0 : <t>0, <i> 1 ; <f> 1 , <l> 2iiXXf<t> 
2,03 ^iX. -y ^mm}^Mzm\y^)V 

[0008] -r^^b^?. m2i,z5v^^fih i 0 f,z. T-;? 

d0{i, 9U"J9m^^3iii:^/<l>0tl^mzml^^}l' 

■f-^OiJilX.^ l36«^^tciSU'<;l<' rHj <Ofc#tc5X0a 
iiX, •T-^'d2{±. i^o-y^ft^fl!' 1 i5J:t/0 2*^^ 

d3«. 9\:i-/^m^<l>2iiXU<t>3ifiMz-mv^)V 
fHj) cDt^tcKOa^ix. cititwiO. >''?5^;P-f- 
^d0~d3{i:, ^Ji.{f. Egffi^o -y ^fl-f- ( 0 0—0 

3 ) icIilRB LT U T;Ux- rJ' ixX^^fiOXJT 
izmt^ixh. 

[0009] m3i.tm^<^'7)v^y°]y7-^mncr>m.<^m 

Sr^-rHISSIlTS) 0 . HUKEL/^clfciROFlGURE ll-25tc^ 
Ji5-r-&. @3i:i3l^T. #Mi?=^l 1 1 0~1 117, 
1 120—1 127. 1 1 3 1 — 1 1 3 3±iJ;lXl 14 
l — l lA3\.inyiOShyy'JX-$f^ 1134, 11 
3 5i3il/l 144, 1 1 4 5{im^Sr^LTV>S. ^ 
o >y ^'il-f-^ O~0 3 (AhukIi L/i5:vHc{affi*i9 
0' ■r^l/cEffl^a.yi^fi-f-r-fcO, iJt. d0~d3 

[00 10] z;iX\ ^a>y^'ft-f-/0O— /^0 3±3j; 
tXT-^'/dO~/d3(4. ^tl^ixi^u y-^m^<t>0 

-0 3i3j:i/7'-^do~d3co^iKfi-t (3a!ma<ofi 

S-S^LTV^^, m-yX. mUf. i^a-yi^ft-^/^ 
0{4. ^7a-y^«-^0 2t|iItfE-^T'?>O, t,fz. 9vi 
v9m^/<t>\M. :?'D-y:?'fi-t0 3fc|nItfi-^-C^> 

t.fz. #Bl^?-^Vc«. h^yvx^'i I3 3i3j; 

1/114 3<n'f-Y\.z'(m^fthff\%(r))U Txms.^ 

S^L. $4>tc:. Vr{4m?tl 144*3j;l/l 145Sr:0 
LTai:'50UT-. OUT+tcEpjD$n^»?pm£E5-^ 

COO 1 1 ] 113 fc^-Tv/i^^ru-^' -9- insets. Hijj 

;^^-_^dO. dl, d2, d3{i:. -J-it^il^^jE-rS 
\-vWx-9\\\0, 1120:1112, 112 
2:1114. 1124:1116, 112 ^(Df— h 



ttt*^$ii|>:g-2oc7):J'n>y^'ji#0O. /01 : 0 
1 . /0 2 ; 0 2 . /0 3 ; 0 3 . /'0 0*iitt-^^A<. 

LTHtft^SrfiSjjK-ri,— :^rc7)h^>->''X:J'l 1 3 2oy 

-Y\.zmik^fth, nmz^ -mm^^^'yvivn'—? / 

d 0 . /d 1 , /d 2 , /d 3J4. ^fl^imm-h V 
^V'JX-^WW, 112 1:1113, 1123: 
1115, 1125:1117, 1 1 27<7)y-hl3fit 
*&$ix^#2oc7);?a>y:?{i-t0O, X0 1 ; 0 1 . / 
02:02, /0 3:03, /0 O^^J^tiSl^^/U 

\^xmm^mwi.'thm5<r> v 7 ^^i^'^^' 1 1 3 1 

[00 12] h^^'v';^^ 1 1 3 1~1 1 3 3*3J:l/ft 
^1134, 1135J: ^^^hmmi^^M-r^) Y^A 

v^i/'XrJ' 1 14 1 — 1 14 3t5it/ft^l 144, 1 

1 4 ^xM^^ixh\i!,-nmnmim^^<rym^x-yi (n 

ai)h^>'i^'X:J' 1 1 4 1 , 1 14 20y-h) 

+ . OUT-^ai:»3^S. 
[00 13] 

[ m^iifm^ \^^oh-thmmm\-^m3 \<z^-tm^ 

[00 14] ^-r\ Ellt3j;l/Il2 2:#MLTgiHjt3t 

izj: K)yE.m$tixmm^±ti^h ^ t iz^^a^. -e«oB*^ 
[0015] Mri^mt/Z. mtii. >'N°7 wi-T-^ d otc 

-t^i:. :?'n>y2?|t-^0 3i5j;l/0O7iWciS^'<;U 
fHji <7)i:#tC{4, h^i^i/^;^^' 1 00 2iJj:l/l 00 

3i}^mZ:^yLX. fcti:^jOUTc7)fl:{a^fgK;p ITLj) 

(Vss) t?|^wi>. ^<r>m. ^D-y^fi-f-0 3*^a 

l''<;P iTHj *>4>{£1''<7P iTLj lZiL*>TA^i>b. h5 
yi^'XrJ'l 0 0 2*«^7-r-&fc^tC. ^a-y:J'{t-t01 
*^'fgl-''<^;U fLj THj lZiL-h±^<-oX h 

yyi^XS^ 10 1 3^:^yL {:i<7it%. hyy=Jxp 
101 l{4:J'o«y:}'ft-f-0O5&qSU'<;P tHj '5r<7)T'5j- 
>-LTV>|, ) . -r— rJ' d 1 ic^lELJtU'^yW^Jiii^jOU 
TtzJltLS. Z(7)t%. ^^•5W^x-:?'d l*JffiK;U 
fLj •C'^>^i:iS^-ri.i:. dOx'-:? d 1 ic^BtTJU 
:tioUT{4^^'>c;i^ rHj tc^-ffr^3&*, c:<7)ai:^]OU 
T^aSic:^K;u FHj (Vdd) tc±*>±ff^tc{4S 
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[ 0 0 1 6 ] <>:tc. m3i:m?iLxmmLtivtm<7)^/i- 

H 7 >' N'$-IBi!rr y - K tc; 2 h ^ 7 r - y- 

[0017] -t^h-h. d 0*3 

J:l//dO{i. -en-riXiJ'n.y^fi-f-.^O. 1 tcj: 

110. 112 0*5^:1/1111. 112lSr^LT. 
rU h'^-<>'N"cOMKi^h7>'i^'>?.^ 1 1 3 2i>J:t/l 1 

3 ioy-ht:«ii^$n^j&«. ^<rm.mzt^x-^Mz2 

[0018] ±iEL7^^t«*<7)v;Pf-ru^-^ 

-^icisjsa \.fz u t;pt- ^z-mmz^m-h ^ t <^t- 

[00 19] 

mmk comizm-mzmm^fitz^ i cDnnm/izmm(^ 

[0020] C:02ts:^Bflc7)v;U-f-Tl/i?-*Mllg§{=J;n 

t?>.mi cDnwm/izmm.com i m^Mo h ^ ^ s/x 

^>i^X:S^<7)mmy-\^lzmif^ti. C:<o«ggy-h'Sr 

H 1 <7)mWMCDl^^MZf^i1rXmt^-\±^ . 

[0021] ^ts^BJco-^/Uf-ri'^lMIlKti^tf , 

liZ-mWiZ^m-h Z. t *iT'# -S , 
[00 22] 

mmcomm<mm] hit. ■^%miz^i>'7iv^yv'^ 
[ 0 0 2 3 ] @4 \i:¥%mzmi,'?)v^'r\^9^m^<r> 

-^^^(Ti-mi 7-D -y ^ HT'S) 0 . H 5 {±11 4 <0 

ElT-fcl). ia4Jct5V'>T, mrn^l 0~1 3{±vyPf- 

PDO— PD3^>'^•7W^T-:?. 
X. SD{±i^Ur;Ux-:?$:S^LTV^|,. ^Ldt'. 114 



[0 0 24] ll4{c^$^x^J;^tc:. vyU^rp^lMg 

vyUf-7*lx-^Hf-b;H 0. 11, 12, 1 3tC{4, 
-fn^o >y ^m^'k 0. 01:01. 02:02. 0 
3 : 03. 0O*i«*&$ilTV^^. ^;t\ Il5fc^$ 
ilSJ:oiC. i7o«y^fi-f-0O— 0 3{±. 2VHCfiffi3{)>' 
9 0 • -fixtLW^u -y ^m^X'h "9 . >'^•9 
PDO— PD3{±. C:c7)|zgffi^'a.y:7fi^0 0— 0 3fc: 
LT 'J ryPx- S D 0 — S D 3 § it S . 
[0025] 116{±2|s:^BBfcf^^v;Uf-7-p^'tMllif&tc 

fett-i) v;pf-r^^-i?--feyp<o^ 1 mim\t:^'tmmmx' 

S>-l>. 

[00 2 6] ii6tc^$n^j;dt, ^\mmmcr>-7 

;Pf-7V^-9--fe;H 0 0 ( 1 0~1 3) ti. i^itl 0 
1. nMOSh^i^i^';^:?! 0 2~1 04. iiitX. T 
;Ur-y7°J:^-^ yf- {y')VT'yTmh=7y-JX9) 105 

[0027] m?ti 0 Hi.. mm^nMM (vdd) iiaj 

:hQt\m.W.mm (vss) tcr>m\,z\iVyy-Jx^i 
0 2 — 1 04 3i)iit5iJtc«gg$ ixT v> ^ , 
[0028] h^>'i^';?.rJ'l 0 2{4. -f-i?)^- h tCiA:^] 
7-'— :^'D (>'s°7Wl^x— ^PD0~PD3) ^^ftTtB 
:bQ^IEt6L. i/^. h^y^-'J^i^'l 0 3tjJ:t/l 0 4 
{±. #^--htc«*&$ii-g.i?o>yi?ft-^CLKOtiJ:lA' 
CLKltcjStT;^-^ -y^Vi/iaf^^lfdcteic^r-jT 
:iz.x\ hyy->':^i^ 1 02thyy=Jx^ 10 

3i:Oitg!y-KPN{±. 7Vl-T-y7';^-f -y^l 0 5 2r 

ir LxmmiiL-mmm ( vdd ) i,zmm^tix\>^6, . 

[0 029] -r^:*)*>. IBKlfflh^Vi^'Xr? 1 0 2«, 

^ o y ^fi#C L K 0 i L K He J: DS'Jffll^ix-i. 
X-f >yf-ffl {"r-^^m^m) (Dhyy'J^:^ 1 0 3i5j; 
X/10 4i!)i^y-ri>t^lZ. A:bx-:5'D{CfEtTtB:»3 
T-rJ' (Q) SrSl^t-i.. ^dT, A^x-rJ'DJd. # 
'7;Uf-7*l/:7-9--fe;H 0--1 3ft{C/N'^ WWy-'— ^-PD 
0~PD3i:$tL. ^/vl. ^O-y:;'fl-^CLK0, CL 
KHi, =&-7;l^7*U:J'1^-fe;H 0~1 3#{c:J'n yi? 
fi-f-0 0. 01:01, 02:02. 03:03. 00 

[0030] meiZTn^ti^ J: ^ tc. 2(3c^ 1 ||M^J<7)-7 
;Uf-7-U:7-!;--lr;H 0 0{±. IE»fflh7i^v>^^' 10 2 
i: x-^5i^ffl h 5 Vi^'^^J' 1 0 3 H P N 

(C*f LT . ©memillffi Vddt:T;l-T -y T-t^S. 7VUr 
•y7-X-f «y^l 0 5*itfgg$il. T-^A;^)$tT-i. hy 

y-Jx-^i 0 2<r>y-Y^mMy)VT-jy'^h(7)X\ m 

^Ltzm 1 <7ymm^znLx-^mmYf<7mx'm.m:'h 
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3 <7)m^m b tsM^ »? is-imiiFti^mTh . 
[0031] mnt^^m(0'7ji'i-7'u^'^-t)ucom2 
mmm ^^-tmsmx-h h , 

[00 3 2] m7 bmet<Dim^^(pmi^:^'^xdiz. 

]V^r k ^ -fe ;U tc (t -2. :7VWT -y rfiS Sr 2 fiHJrtc L 
02t x-^-il^ffl h 7 yi^:^:^ 10 3 K 

p N 1 tc** LT . umiamiimiE vddi:7vuT y r^-s. 

^l<7)7VPT-y7-;^-< vf-1 0 5SriS(t. ^^^tc. x- 
^m^m h^yy-JXd^ 103i:104i: (DW^y- K P 

2 cor;Pr y^ioe Sr^fti. J: 0 T v> 

-I.. 

[0033] :i<DX o iz. y/i^rvram^mmmiz 

[0034] ll8(S3t!:^BJtf0-7;Uf-7°L'^-9--tyU<7)|g3 
^)5fe0>J ^5^t-iaS§iaT'^> 0 . la 9 {iH 8 ctj^^u^-;?- ^7 

[0 0 3 5] laSlC^^ftSiatC. *m3|IM01JOV 
yU^ru^^f-fe/Mi. pMOS 1 1 1 ■ 1 

1 2. tsXX/. nMOSh^>^>''X^'l 1 3~1 1 5^ 
ii;fr^ffig;§ix.?. . h^vyx:^' 1 1 1 . 113, 11 
4{i:. (Vdd) (Vss) t 

(Drnzmmzm^^ti. v^y-jxi^i i i^jcixi i 

4 <7):>-'- htctt:? o .y rJ'fi-^C L K 0 *««*&§ixT 

IglJifflh^^i^'x^i 1 3<^y-vi,z\tX:h^-^ 
D*iffi*&$ix. h^Vi-'X^ 1 1 1 h 1 1 3i:0 

ig^y-H{={3:. V-XwrnnMimMM (Vdd) tZiffgE 

h^yi^'X^l 1 2c7)h-lx-<>':??iifig$iil,tittc. 
n -y fi-^-C L K 1 ifiy- h ixf>: h ^ vs^'XrJ' 

1 1 5ti^^:hQh<r)m^z^X^ixX\.^h , 
[0036] mz^ Z(r>m3mM^(0-7ju-f-yu^-^-^ 
mtll. lll4tct3{t-l)V;l^^7*U:?'-9-fe;H Ofc 

[0 0 3 7] ia9lc^$il^J:3lC. :7a-y^ft^<^0 
( C L K 0 ) Joil/* 1 ( C LK 1 ) 

^LT h^Vi^';^^' 1 1 4iDi:l/l 1 5{4:t7L, y— 
KN 1{4®K;U rHj (a«{i«ilfl:ffiVdd) tc:r;U 
T«yr$*i^. tzfdL. V^y-J:x.^l 1 5{i*7^rc7) 
y - H N 1 CO U'<.;K4ai::'5 S D 0 ( Q ) tc{4fg*> h 

[0038] WUf-^ P D 0 ( D ) 

-r-:?PDOtJ;0b7:^i^X:J'l 1 3ifi:^>LXV^ 



y=J7.^ 1 1 2-b^isy L. rJ'D-y :?it-t^O*iflSU'<;P 
iTLj A^fijiS^'^/W iTHj \.Zti:hb (^irilTO) . 

y=Jxi$^i lAif^yLXhyy-Jx^ i\ lifiTty 
L . y - K N 1 {4® F L J) ( iSMm-WmSMs 
s) tc5l#W4>il§. ggV^T. ^a-yi?fi-t^l 

1). h^yS^'X:? 1 1 5*«:t>'LTy-HN 1<^)K 
;PA*ai:ftSDO{c^^. 

[0039] — :tr, yN-^PyUT-'-rJ'PD 0 ( d ) ifm^ 

x-^PDOtc:J:0h7>-v>C:5'l 133&«:t7LTh7 
i^i^J^rJ'l 12*^'7j->L. y— HN 1{41^K;1' THj 
fc?l#±tf ^>fL FHji Srlti#L> ^o.y:^ 

fi-f-0 0**®^^^ TLji *>/t>aK;> iTHj tc^r^i: 
(miTO). h^VS^'X^l 14/!)^'^i^LTh7>'i/ 
Xifl 1 l;6^":ty-r-l.*^\ y-h'Nl{4KK;U fHj 

y=JX:fl 1 53!^':t>'L,Ty-h'Nl<!5K;l^ai:»3S 
DOtC^^. 

[0040] $4>t3. MV^T. ^'CJ>y^fi#0O*^Sl/ 
fHj *>/?>ffiK;l' fLj t55rl.i: («iiaT2) . 
h y yi^T. ^114 ifii^y LT h 7 y'J^^^ 111 

:iomWT2\,Z^\^X. ^XJ-y^m^<f>l 

ami^^fi- iTHj) t-h^:^i^'x:? 1 1 sii^yLxa 

0. FHj lC7VUT yr$ix/Sy-h-N 1C7)V 

'<;M4tiJ:^jQ ( SD 1 ) ^fEi.^>m.36i. mzmi^^:^ 
(^Jx.{f, ll4tci3(t-?)V;Pf-7'l--i5'-*f-t;H Il3^u 

r;l'Tyr$ti./iai:*3Q (SD 1 ) <0U''<.;N4ffi^^P 

FLji i,z3\^Tif(^ixi,. z:lx\ pMoshyy'Jx 
^' 1 1 IfcitXi 1 2J4. yh^u-^-^ XcohyyJx^ 

t Lxmsi^ti. mti£, hyyi^'xi^ 1 1 itjiufi 
1 2*jjr:^tTv^i,:yc®T\ mzmm-?>'7;]^zru^ 

K (Q) S:i|B#tc<KK;P flj ic?|§T(fl)<I ^:*^T' 
§-I> J: 3tC^-^TV^^. 

[0041] C:C7)J; o tC. 2|s:^3|IS60!ltCiillf . 

{4\ m3^mmLxmmLfz-?;ii-y'ui!^-vms%b^m. 

LX. i?o>yj?fI-f-CLKO (<^0) tiSSiR^:^^ 

h'Mtc-r^ i b X'\^fiy- v<r)r)VT -y yj-<y^f,zmm.^ 

tlX^^hnmoSh'yyi^X-^t: Vyy-JX^ 1 1 5tz 
1110, 1111 SrH'JS) Ci:tc<t 0. S^f^**^ 

[ 0 0 4 2 ] 0 1 0(43^^BJ<3r)-7;pf.7-^j?-9-4,;K7)|| 

4 ^Sfe^lJS- S^-rHISgETfc S . 
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[00 4 3] Hi oizTjk^tihXoiz^ :^m4mmmcD 

•^fU^y'U^^-^Mi. pMOS h9>^s^':^^' lie. 

117. ^XX/. nMOS h^yi/';^^' 113—115 

13-11 5ii. iMLtzmsmmmtmrnizmm-th 
igL. ttz. y-hi,zigm.m.mMmf±yssi)-wm-^titz 
[0044] 0 iz. :^m4mtmnzMs. mt 

LX. i?o-y^{i-^CLK0{c;j;^SfK^^T3 h5:^S/' 
1 1 4 ^7-'-:?A:J3 h 9 yi^:^^^ 1 1 3<oi&mm.m 

mm ivss) m(,zmm-t^:iti,zxK). tui^y-vcDy 

JUT -y N*X fctf M$ tlX\^^nMOSh^yi^X^^ 
h^yj:^^! 1 BfziftLX-mU 03 
t-t5tt-l.h9V>fX:J'l 11 0, 1 1 1 1 SrB'J^ ) .r 

[ 0 0 4 5 ] HI 1 {42|s:%BJ<^-7;P^TU-^'-)t--fe>'K7)|| 

smm^frrrm^mx'h o . niftfi-^^rma i o iz^ 

[004 6] HI lfc:T^$ix.g>J;'3tc. *ll5l|]Si^Jco 
v;^f-rix-:7-if-fe;Wi. pMOS 1 2 1 . 

122. iSit/. nMOSh^Vi^'^?.^' 1 23~1 26 

Vss*^EpjD$iXfcpMOS h^yi/X:^' 1 2 IfciVl 
2 2{4m7tfg-?i: LTiSti-r-l.. ^^c. nMOSh^>' 
i/>C:J' 1 2 3t3j:t^l 24{4lli6^b5>'i^'X:J'-CS> 

^WUx-iJ'PD, XPD) *-"«^$fL^, CliT-. A 
:)d'f—^D Xi6XX/r<y \^)V'f—'^ P D X{4. xix^ix 
A*x— rJ' Dfc J:t/>'N"5 P-^Ut"'-:? P D <r>WMV'^)V<r> 

[0 0 4 7] h^Vi^'XrJ'l 2 5*3J:IA1 2 6{4. Utt 
liiHgP ( V=yVi?7.^ 12 1-12 4) fc(Smfi[«i!m 

( Vss) i:«OP^lC|gft^>fL. h^^-i^'X^- 1 2 5C7)^'- 
h(:{4i?a.yi7CLK0*^tt^$ix. t.fz. h^y=J^ 
^12 6CDy-hW4:7n-y;7CLKl*i«*^$nTV^ 

HlUJfeWcfcv^T. aWl 0 iSrh^yi^'X^l 2 1 
(12 2) -C-1fJ?£L, yjUT-yTX^ -y^l 0 5^ 
yi/X:$' 122. 124 (121, 123) X-m^Ltz 

[0048] 5^SS^J<7)'7;U^7-lx^-9--fe;Hi:, m 
ll4ti3(t-i)-7;^^ri/^-t-fe;H Ol::jifflL/i 
i?O>y^(i-f-0O (CLKO) t3j;i;^<^ 1 (CL 

K 1 ) tf^mzmi^^i' f Hj (ia9ict5Jti.»i 
^Ti ) . mmmim^tfi'ismt (^t^u-yi-x-^PD 

0. PDOX^^{t]iXi.llSI)i*b^>'i^';^^'l 23, 1 



24*W^) LT. mtiQ. QX (SDO, SDOX) 
im^-ti>. il^X\ h^y'J:k-S'\2 3<r>*r~V\,zm 
i^^tLi>At)'f-^D (.'N°^WP-r-:5'PD) m&UK 
;U TLj >^i'^ai;b (i^UT/l-x-rJ') SD0{4]SK;U 

•r-rJ'PDX) 3&«igW'<.;U rHj fc^O h^^i^'x^ i 
2 4*^'5j->'LT. mSSth^Vi^X:? 1 23, 1240 
HTcoy-K (PN) Sr7VUT-yr^-g., 
[0049] a tc. *SS5^i6W::J;ixtt\ m^i 

Y<r>y)VT-jT^-^:^i,zmu^ixx\'^^ n mo s 
y'jx-^ muf. m3^zinifhyyy=Jx9 \ 1 1 
0, ii20;iiii, 1121) ^wmLxmrni 
i'^^'^onhif^mx'hh, ^tz. ^smtmnzxti 

h^yjx^i 23<r)mT<oy~Y (pn) ^hyyj 

X:J'1 2 2. 1 24t3j:yfl 2 1 , 1 2 3(C J; OlSffltc 

r;i-T -y r-r s c: ri^^f^^^igt^i. . 

[00501 01 2.li:i^%m<r>-7fV^y\y^^'^)V<7)f^ 
[0051]iai2tllll tiOitS^j&^^BJ/^d^^J;^ 

tc. ^emmm<r>'?)v^y\^^^^)vx'\t. ^sjim 

^JtCiJft-SS^^ ( h ^^'i^'X^ 12 1, 122) 
^x:iX:^ 'yy)V^mLfzvMOSV^y=JXi' 1 2 7*3 

itA'i 2 8tcJ;0ISfiS;L. m}Mhyyi^x^'i23is 
J:X/12 4izXK)mm^tl^tii:fjy-\^ {Q. QX) ?r 

[ 0 0 5 2 ] la 1 3it:^mmco'7ju^yui^-^-t)u<Dm 
immmtr^-rmmmx'hh, 

[0053] *ll7||Sfe^Jc7)v;P^T^i?-9--fe;H4. ± 

KeL/cHi i(r>m5mmmiixx/mi 2cr>f^emtmi>z 

i3{t-i>h7>-v=X^l 2 1 . 12 2fcj;(/12 7, 12 
[00 54] t^^T'. ±3iLfclll 2<7)|g6|ISfi^J<7) 

[00551 :m7mmm(7)-7)\^^yu^'^'kMi. ± 

izLfzi^coxh^. ^mnh^y=JXi^l23}oXV^l 
2 4tcj;Dig»$n-i.ai:^y-K (q, qx) pm 

OSft#121. 1 2 2{Cj:0r;l^r-yTf 
^aXA-y rtV^M 127. 128 (CiD ffl1i^^r;^T 
•y 7-1- 1. i T', ffiffi Wff>^ffi^^*-'4>±xB L/i» 6^ 

i:X/\2bff^y-hit. ^ix^ixm\mm.^titz2-:><7) 
h=yy=JX9\ 22, 1 2 6*J<tl^l 2 1 . \25<r>Y 
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[0 0 5 7] lll4i:Ell \ t(r>imi)^hmhi}^^j:^o 

5mmm(r)-7ju^yui^-^-i^MznLr . hyy 

123. 1 2 4<7)m.T<7)y— K ( P N ) ^y'jUT 
>y7'^-&pMOS h^Vi^':^:^' 1 3 1 , 13 2SriS{t?t: 

[0 0 58] h^Vi^';^:^' 1 3 1 . ISlcoV-hiZ 
(S. nMOS h^Vv-'X:? 1 2 5cO^'-h{Cffi*&$n.i> 
i?n-y^ft-f-CLKO*^'ffi*&§iX. i7a-yj7fi-^CLK 
Ot/^i&U<JU TLji k^-oX h^y-JX^ 1 2 5t/^:^y 
•t^mm. Vyyzy^-S'lSl, l32¥:^yLXy- 

)VT 'V ymco h y yi^:^^ifi 13 1, 1 3 2 h 2o|S{t 
ilSSB ( hyy-J:^i^l2 1 — 1 24) o4'dfegP^tc7Vi' 

[0059] ■^smmm<r>'7ii^yV'-:^^'^)Ui. h 

yy-JX-i^ 1 2 5*«jr:7-r-SKBrBl. Vv'X:? 1 3 

1, 13 2ifi::^y'LXy-VPn-i:y)VT-/yth:it 

\>zx D . y- K p na)^wm/^crym^mm^m.< lt 

[ 0 0 6 0 ] HI 5{S2|5:||HJO-7;P^7'l'^'-9--b;K7)|g 
[0061]|115i:EI14 }icr>]^i}^hm^i}^^j:X o 

smtm(7)'?)v^y\y^^-^)UznLx . ^^iz^ hy 

y-JT.^ 1 2 5fcJ;t/l 2 6<7)m^y—\^ (PN2 ) Sr 
y)VT-/y^hv>MOS\'yy-JX'Sf 1 33. 1342: 
^{tJti>«o-eS>i). 5r±J. pMOSb5:xy:^:5' 1 3 

1 , 1 3 2{i. ll8|ISfiCTi:|3|«lc. Millet h 
^'12 3, 1 24<5DiinFOy-b' (PN 1 ) $:7VUr>y 
:7"f-^, ^/::s Ztihhy yJx:!' 1 3 1^1 3 Act)^ 
\- \z\t. h ^ yVT.^ 1 2 3<r>f- v\,z^Wth<r) 
i: PI t a .y ft-^ C L K 0 § T V ^ S . 

[0062] *^9|IMMc7)v;U^r^i7-9--fe;K±, mi 

. 7Vi'r -y reM^ 2 hh^ ( m^iw ) ic-r c: i: 

tci 0 . #7- H ( PN 1 , PN 2 ) 
[ 0 0 6 3 ] HI 6{42^^BJt7)-7;U^ri-i?-9--fe>'K7)^ 
[00 64] HI ^kmiAiKn^ij^h'B^itiip'ts:^^ 



(pMOS 1 2 1 , 122)^ 

iJ'OX;&-y7VPg^^L;t:pMOS h^v^-'x^- 1 2 7i3 
itXl 2 8(CctOfilfiKL. minVyy'JX'^ I23ii 
iVl 2 4l:J:0IBI&$il-&ai:»3y-F (Q. QX) $r 
fflffllt::r;PT -y rLTffi?SM^S-ffi*>^r*«';>^iI^||)^^ 
Sr^tgi:-rStOT*>^, h^^v-'X^l 2 5*« 

5r7-ri.SBPBl. h^y^-'X^'l 3 1 , 13 2*<^>'LT 
y-KPN$r7VWr y7-i-|.C:i:tcJ;0. /-HPNO 

[ 0 0 6 5 ] HI i\i-^wn<r)'^)V^yvy-^-^)\'<r>w. 

1 1 mm^^-tmmx'hh> 

[00663 sjslgl 1 mMM<r>-7/i'^yuif-^-^Mi^ 

mmLtzmiAcomsmmmtmi scDmommmtcD 
mi^t mmiz. hi 6^oigi omtmco-^fUi-y'ui^-^ 

■izMzMLX. ^hl>Z. Vyyi^Xi$^125i5XX/12 
6c7)^^y-K (PN2) S:7*;UT«y7^l.pMOSh 
yy^Jy.'S' 1 33. 1 3 4Srig{tfci,cOT-$)-l.. ^fc. 
PMOS h5>>''>C^' 1 3 1 . 13 2{S, moHM^J 

tnmz^ :^mhyy'j:^^i23, i2 4<7)a:Tto 

y-K (PNl) SrryUT-yT^S. i^. iix<oh9 
Vi^'X:? 1 3 1~1 3 4C0#y-Vl={i, b^>'>''X:J' 
1 2 5cO^^'-ht-e^|&-r-&<:7)i:|3|ti?a-yi?ft-i-CLK 
Oifiim^ixXK^h, 

[0067] 2|^1 1 ^M0^J<5Ov;Uf-7*U-i?-9--fe;Wi. 
m^Lfzmi i,zm'tsi^2mtm\ (HI 5lc^K-rS^9||jiife 

2^im (IS^HW) t=-r-S.C:i:l=:J:0. (PN 

1 , PN 2 ) <omm^m^<7)W^nmt:m< lt. i o 
—mcmmmmi'^^^mz'th . 

[ 0 0 6 8 ] H 1 8{S2i5:^Hacov/U-^7°Pi?1r-b:;U(7j|g 

1 2mtm^7T^-t^^mx'hh. 

[0069] 2|s:||i 2^M^Jc7)v;Uf-7°l/i?-9--fe;K±, 
±51: L^cH 1 4 8 HifiCRlii i lA'H 1 6 (7)^ 1 0 HJfi 
WcJStt-S h7>'>'';^:J' 1 2 1 . 1 22*3j;t/l 2 7, 

1 2 8?rM:^i:t>fli;irv^|>, i^lT. sJsUl 2SISfe0!l 
cO-7;U^ri/i?-^-b;Hci3(t-S.IHlJlii!ia5{4. H13S: 

#83 Lxmm Ltzw. 7 nififij t nm<r>hff^x'h ■& . 

[0070] -r^r*>*>. 2|s^ 1 2||]5fi0!l<^^;l^f-7'U'^ 
-•f-feyWi:. ^liJ>^h5>'v';?.:J'l 2 3±5j:tXl 24tJ: 
^mWs^iXh^:hJ-¥ (Q. QX) pMOSfi^ 

12 1, 122l,Ziy)y)i'T-^y'tht^\,Z^ 9UX:^ 
•y 7*;Um^ 127, 128lCiD fflfli{C7Vl/r -y 7^1. 
^tT, fflMff^^.*>'5:*«4>±^Uc^6l|]5i6fia|iO 

[0071 ] ■r^;b*>, ^-ax^ •yy)Vmm^ixi>Vy 
y-Jx^ 1 2 sa^U 1 2 6<r>y- Mi. -eix-fixM?iJ 

jf^$tl.)t20t7)h7i^i^'X:J' 1 2 2, 1 2 6±3j:t/l 

2 1. 1 2 soHi^-f yazmm^tihfzii^. Ki^^f 



i(S) 0 03-133931 {P2003-1 3JL8 



13 1,1 3 2ifi:^yLX y~YP^^y)VT'yy"t^ 
[ 0 0 7 2 ] H 1 9{42|s:^BJOV;I/^r^^-9--fe;K7)|| 

[ 0 0 7 3 ] 1 3mmm<r>'?)v^y°v9-^^Mi^ 

mt^y—Y (PN2) ^y}vr-/Tt i>py^osvy> 

oshyy'jx-^ 13 1 . \3 2\±. ^lommmtn 

^KI>^^^7>i^'X^ 1 2 3, 124c0ffiTc^y- 

H (PNi) ^y/VT yzrth, tti. ziii^ihyyi^ 

X^- 1 3 1~1 3 4c7)#^'-hC{i. hyy'J:^^ 12 
5 CT)^'- h ^zm^-thiOt |B1 1 ^' n -y fi-^C L K 0 

[0074] 21=^ 1 3IUt^J<?5V;U^7*l':?-9--fe;KS. 

HU^L/::I17tc^-r^2|IMfi?!l (Hi 5(=5K-r^9^M 
gnifcil/Hl 7tc:^-nii imtm) co-^ju^yu^^^ 

-r?)^^:^^^. (PNI, PN2)«0^aj1^ 

l>z^i>, 

[ 0 0 7 5 1 132 Oli:^^miZ^^'7;Ui-yU^-^m¥& 

[ 0 0 7 6 ] 02 oiz^-f^jui-yui^^msm. 

Lfzm4 (r)'7)V^yv -y -^-iHlSStcfc V 
■9-1 0~1 3Srllil) (fflfil) <7)fi-^ (^N-^Wi.A:^37-'- 
^'PDO, PDOX— PD3, PD3X, i^UT/UiHtl 
T-'-^SD, SDX) ^fSx.-i.tc7)i:LT<ifi£L. $<b 
^-7;i^f-rPi?-9-l 0—1 3«oai::fjtc2-?coNAN 
Dy'-h2 1 , 2 2T1«^L/>:7U yr7a /r (7/ 

^^oizLtiijCOX'hh. 

10077] HUl. mmLtzXdiz. *%BHiD#IIMM 

T y ^VN'j^iT) n M O S h 7 i^>''X:J'<7)S^^M'b-r i i: 
[ 0 0 7 8 ] ( #ie 1 ) y-^y UjUT-^i}-^t^^tif^ 

m^<r)'7)v^y\^-:7^Az)v^mx. , mw-^y wut-'-^J' 



*3j;t/, mmm-t^'mimmmYyyi^x^<om 

[00 7 9] (#152) m^i\,zim(r>'7}V^yu^ 

■^mmzii\.^x. mum.mtm.^titzm i (r>%Mtmi 

m^Mco h y y-Jxi^ t corny - H*>/c>mie#-7;Uf- 

[0 080] (#123) #iBi tcfeicco-?;u^r^^ 
^ 1 mmm h y yjx ^ff)W^y - Y^imtc^'mi.zn 

[0081] ( #f B4 ) #ie 1 \,zmm.(0'7)V^y]y J? 

[0082] (#165) m^ii,z%m<^-?)V^y\^9 
^mmzii\^^x. mwmi<D%^i. m2mmm.(DVy 
yi^x-s^x-mm^Lfz^it^'mLt-t^vi^-j^mn, 

[0 083] (#IE6) #IEliCieigcO^;Uf-7-U^ 
^mmzis\,^X. BuiBK;l^KMb¥l5S-. lifia^lcom 
J^tcif M Lfcm 2 <7):S.?^ 2 crin.mzm.¥\W^ L 

fz^yti < i> 1 oon 1 ^m.(r> V 9 i'i/x^' 
c h t:^mt-th'7;u^yu:^-^msi. 
[0 0 84] (#127) #lB6tietlico^;w^rPi^ 
■9■|lI^S^=t3V^T, BfriBII2<0:R^$-. |g2m^<7)h5 
y'J:^^X^fKLt:Zbt:'mLti-i>'7}l^yu^^m 

Si. 

[0 085] (#IB8) mi6l,Ztm<0'7fi^i-yu^ 
^mmz}5\,^X. tfflB^l±Jj:t^l|2com?tSr. :?'nj^ 
X? y^VU-Jf ^$tt7^im2«^cr) hyyi^X^X-m^L 

fcz t ^nmt^h-7j\^^yu^^msi. 
[0 086] (#iB9) nmeizimco-7f\^i-yu^ 

>(j -y yM$^m^nfzm2 mmmco vyyi^x-^. ax 

If. ^t3X:^'yyjl-LX^-^^^^m2m9McOhyy>'X 

^^minzmmm^Lfzz t ^nmt-ti,'?j\^i-yu 

[0087] ( #1 B 1 0 ) #f B 6 ^Ztm<^'7}l'^yu 

^^mmz}5\,^x. mi&^iiij:x/m2cr>nm^^ 

[0088] ( #1 B 1 1 ) ft! B 1 lztm<7)-7fUi-yu 

mt-rh'?)v^y]y9'i-mn, 

[ 0 0 s 9 ] ( #1 B 1 2 ) #iB 1 1 \iz%m<r)'7)i.^y 
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[0 0 90] (#iB13) #i£l~l 2<OV^-rii7!)>l 

[009 1] (#iS14) #IB1~1 3toi^-m*n 

[0 0 9 2] (#iB15) #iBl~l 4£5DV^-rn*»l 
JStclBi8c7)-7yU^7-^^-^?-I51SStc*3V>T . lulBIS 1 «0« 

wmmm^miimx'h o . ij^b^ 2 commmmmM 

h^y'j^i$'X'hhztt:mwLt-t^'7j\^^yi^^^m 
m. 

[0093] ( #iB 1 6 ) ^^B 1 5 icf BK<^ V/Pf-T 

ui?-^mmz}i\,^x. mi?:m2mmMhyy'Jx:^iip 

[00 94] (-ftlBlT) #iBl~l 6«0V^-m*»l 

mztzm(r)'7)U^'rui^vmmzt3\,^X . mB-^JUi-y' 
l^'^^-^Mi. E3ffl^o-y^tcJ:0$W$ix.&4oov 
)Vi-y \y ^ •^^)VX:tb hZLii SrltSt h-fh vyUf-r U 

[0095] 

{f , ^ l^/Ux- ^ 2r a «y ^'(i^tZlBlSB L Jt >- U T^W 

[iaM<7)^m^iiBj] 

[HI ] m^(r)-7)V^zny^^mit(ry-m^fTcf\^wm 

x'hh. 

[03 ] tJ!3ftOv;u^7V:7-9-|HlS<7)fl!ic7)0iJ2:S^-rifiISS 

[Ei4 ] ^^miz^i>-?ji^^y'i^i^-^mm<^±i^m^(7) 

[US] m4<o'7)v^ru'!'vm^(omi^?:mmt^fz 
i!b(7:i-$' ^ ^yymx'hh , 

[Ei6 ] ■^%m(,z^^'7)\'^y'\yip^mmzii»h^)v 



[117 ] 2|i:5^BJc7)v;U-^7'^^1^-tr;K7)^2IUS^J$-^ 
[US] 2|s:^BjO'7;U^r^^-9--lr;l'«O^3||Sft0!ISr^ 

[119 ] m8<7)-7ju^y'u^^-^ji^(7)mi^imm-t^fz 

[HI 0] ^^^BMco-rju^Tu^^-kiji'CDf^Ammm^ 
^^msimx'hh, 

[Hi 1 ] ^mm<r>-?ju^y'u^-^-it)ucr,m5mtm^: 
7fk-tmmmx'h&. 

[Hi 2] *§^Bjcov;Uf-r^^-9--fe;K7)^6||ifem 

yjk-tas^mx'h^, 

[HI 3] 2ts:^Hflc7)V;^f-7'^^1f-lr;K7)^7|ISgfiJ2r 
^■riHlKHT'*)^, 

[HI 4 ] ^^BjovyPf-ru^l^-feyUOllSIIJfeMS- 
[HI 5] 2ts:^Bjc7)v;u^r^;?-9--fe;P(:7)^9|liififi?!lS- 
[H 1 6 ] *5&BJ<7)v;P^r^^'-<^-t;K7)m 1 OHifefiaj 

Sr^-rmssii-c*).?.. 

[HI 7] 2|s:!^BB<Ov;l^f-ri':?-9-fe/U<59|gl l^Jfi^J 

[HIS] *%BJc7)-7yUf-ri':?-if-fe;K7)||l 2||Jfe0lJ 
Sr^-riaSSH-C'S)!.. 

[HI 9] 3(s:|^BJc7)v;L'f-nxiJ'1?--fe;K7)^l 3IIJ6^J 

[112 0 ] ^^mi>z^^-7j\-^yui^-^m^<^^mii^ 

100, 1 0~1 3— 
1 

1 0 

10 3, 1 0 4-7-'-^'5i^fflh7>'>'>?.:? 

10 5. 10 e-r^i^T-yrx-f (^vi^r-yrfflb 

^yi^x:}') . 

PD 0~P D 3-->'N'^ WUy"— 

PDO. PD0X;~PD3, P D 3 X-HiScoys'^l^ 

SD. SDX •ni&ov'Uryi-f-^' 

vss-ffi«{am?ii^ (i&m^mMmEE) ■ 

0O~<^3-Hffi^n-y^«-f- 
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[HI] 



[112] 



! 1 tii^a>^}b^zroo*^mt^<D-m^ir^'^^nm 

.Vdd 



dO 
^0 

02 
03 



1001 I 

i^L di- 

'—^ — 

1^1003 



di d2H| 



1011 
{^1012 



[|xcJ3V- 



OUT 
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1002 
Vss 



^1013 
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1023 



'Vss 




^0 J 1 I 

I I r 

^3 I I |_ 

OUT ~XdOXdT><52Vd3 
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CLKO CLK1 

t t, 



00 



01 



D Q 
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--11 



0 
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D Q 
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--13 
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00 
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[09] 



[lai 0] 



1310 



.T3' TO J1.T2.T3. 

r 



<^>0 

01 

<P3 



J 



J 



r 



100 



Vdd 




CLKO 



Vss 



[HI 1] 



(gill 

100 



Vdd 




122 
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